A cadmium (8 mM) resistant Pseudomonas aeruginosa strain KUCd1 exhibiting high Cd accumulation under in vitro aerobic condition has been reported. The isolate showed a significant ability to remove more than 75% and 89% of the soluble cadmium during the active growth phase from the growth medium and from Cd-amended industrial wastewater under growth supportive condition. Transmission electron microscopy (TEM) and energy dispersive X-ray spectroscopy (EDXS) suggest the presence of Cd in the cells from mid-stationary phase. The cell fractionation study revealed membrane and periplasm to be the major accumulating site in this strain. The chemical nature of the accumulated Cd was studied by X-ray powder diffraction analysis.
INTRODUCTION
Among the metals or metalloids arsenic, cadmium, mercury, lead and chromium have been known to be extremely toxic at low concentration (29) although they have no significant biological function so far reported. Cadmium causes reduced growth rate, long lag phase, lower cell density and may even cause death of bacteria at levels below 1 ppm (2, 14, 15, 19, 24) . Bacteria detoxify heavy metals in a variety of different ways. Some bacteria employ plasmid mediated efflux system that energetically drives out Cd, Zn and many other toxic metal ions (9, 18, 26) . Whereas many bacteria adsorb heavy metals to their cell wall (7, 8, 17, 23, 32) or bind metal ions to proteins like metallothioneins, metal-peptide etc (10) . Microbes often do precipitate heavy metals in the form of insoluble phosphate, sulfide or others to reduce their bioavailability (2, 3, 12, 28) .
In the present perspective of metal pollution research, the urgency lies in studying metal resistance mechanisms in microbes, which might shed light to develop a potential candidate for bioremediation (6, 31) . Here we report a Cd 
MATERIALS AND METHODS

Bacterial strain
The isolation and characterization of the strain Pseudomonas aeruginosa KUCd1, used in this study has previously been done (27) by biochemical tests and 16S rDNA sequence (GenBank Accession No. EF 644569 at NCBI database) analysis. This gram-negative rod-shaped motile bacterial strain was found to remarkably resistant to other heavy metals as well. The order of toxicity of the metals to the bacterium on both solidified and liquid medium was found to be Cr>Co>Cu>Cd>Ni>Zn>Mn. It has also showed cadmium-induced siderophore production (27) . The culture is being maintained in nutrient agar media (pH 7) supplemented with 2 mM cadmium as CdCl 2 .
Cadmium tolerance ability of KUCd1
The Cd tolerance ability of the bacterial isolate was tested with increasing concentration of Cd (1 to 10 mM) in undefined nutrient agar medium and compared that in the defined Tris minimal medium (21) supplemented with 0.8% glucose (TMMG).
Cadmium accumulation and removal assay
Twelve hours grown cell suspension from TMMG (~ 4 log number of CFU.ml -1 ) was inoculated to same medium having 3 mM of Cd and incubated on a shaking incubator at 37º. Cells were harvested at 24, 36, 48, 72 and 96 h of incubation by centrifugation (11000 x g for 10 minutes at 4º).
Because of less cell mass production by the strain at the maximum tolerance level of Cd (8 mM), in this experiment 3 mM Cd was used to have substantial biomass yield. The pH change in the medium was also monitored in both the Cdadded and Cd-free sets. The metal content in the medium supernatants were analyzed using an atomic absorption spectrophotometer (Perkin Elmer AAnalyst 400, USA).
Percentages of Cd removal by the cell mass from the culture were calculated by taking difference between the initial metal content in the culture media and that in the time of sampling.
Cell-free sets were maintained for each treatment regime to determine the artifacts might arise due to the metal sorption on the glass surface of the culture container.
Survival of the strain in industrial wastewater
Industrial wastewater that contained little Cd (0.01 mM) and nutrients was collected locally, pH was adjusted to 7.2, 
TEM and EDXS study
Bacterial cells grown for 48 h in Cd-added (3 mM) TMMG medium were harvested by centrifugation and were repetitively washed with phosphate buffer saline (pH 7.2). 
X-ray powder diffraction study
The X-ray diffraction pattern of the Cd treated (3 mM) or untreated lyophilized cells after 48 h of growth of the test strain were recorded in a Seifert 3000P Powder Diffractometer using monochromatic Cu Kα 1 radiation (λ = 1.540598 Å) The diffraction spectra were recorded in a range between 10º to 90º (2θ) with a step length of 0.02º (2θ). To identify the cadmium salt, the experimental X-ray diffraction pattern was compared with powder diffraction standards.
Distribution pattern of accumulated Cd in the subcellular fractions
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Sulfide production test
The bacterial strain was inoculated to Sulfide Indole Motility (SIM) medium (30 mg.ml -1 peptone, 3 mg.ml -1 beef extract, 0.2 mg.ml -1 ferrous ammonium sulfate, 0.025 mg.ml -1 sodium thiosulfate) agar tube and incubated at 30º for observing the black color along the line of stab inoculation.
Protein quantification
Total cellular protein or in the sub-cellular fractions was estimated by a standardized method (5) using bovine serum albumin as standard.
RESULTS AND DISCUSSION
The strain could tolerate as high as 8 mM of Cd in the nutrient agar medium at pH 7.2. However, the strain was found to tolerate maximum of 4 mM Cd concentration in defined TMMG medium (data not shown). The discrepancy (Fig. 1) . Cell mass dependency on Cd removal was found during active growth phase, however, steady removal of Cd in the stationary phase was found to be independent of viable cell mass increment which might be due to the physical adsorption significantly by the dead cell mass as interpreted earlier (13) . In cell free controls abiotic precipitation or complexation was taken into consideration and found insignificant.
Effective bioremediation of heavy metals from the polluted site depends on the survival of the organisms and estimation by atomic absorption spectroscopy. The result showed that a major fraction (84.43%) of total intracellularly accumulated Cd was found to be associated with the envelope with a maximum (55.98%) by the periplasm followed by membrane component (27.69%). The cytoplasm accounted for very low Cd deposition (15.57%) of the total uptake (Table 1 ). This observation is supportive of earlier findings on membrane-associated accumulation of Ni in Ps.
aeruginosa (22) and of Cd in E. coli (16) , where the membrane retained more than 50% of the total accumulated metal. Nevertheless, the strain exhibits diversified strategies to detoxify Cd, it might be both due to cytosolic or conditions. The strain showed its possibility as well to be applied in the Cd contaminated agricultural land as a good bioremediation agent (27) , although the extent of Cd removal under actual metal-polluted site conditions warrants further study. 
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